This study examines the perception of short and long vowels in Arabic and Japanese by three groups of listeners differing in their first languages (L1): Arabic, Japanese, and Persian. While Persian uses the same alphabet as Arabic and Iranian students learn Arabic in school, the two languages are typologically unrelated. Further, unlike Arabic or Japanese, vowel length may no longer be contrastive in modern Persian. In this study, a question of interest was whether Persian listeners' foreign language learning experience or Japanese listeners' L1 phonological experience might help them to accurately process short and long vowels in Arabic. In Experiment 1, Arabic and Japanese listeners were more accurate than Persian listeners in discriminating vowel length contrasts in their own L1 only. In Experiment 2, Arabic and Japanese listeners were more accurate than Persian listeners in identifying the length categories in the "other" unknown language as well as in their own L1. The difference in the listeners' perceptual performance between the two experiments supports the view that long-term L1 representations may be invoked to a greater extent in the identification than discrimination test. The present results highlight the importance of selecting the appropriate test for assessing cross-language speech perception.
I. INTRODUCTION
Previous linguistic experience including first language (L1) undeniably affects information processing and individual's subsequent language learning. The language to be acquired (or the target language) may include linguistic aspects that are conceptually familiar and/or unfamiliar to the learner. If the objective of second (L2)/foreign language learning is to gain proficiency with limited time and resources, one may naturally wonder which language is "worth learning" especially if the choice is up to each learner rather than a forced one. The decision on which language should be learned may be, to a large extent, driven by learners' interests. However, it may be useful to consider the outcome of language learning from other perspectives such as efficiency of learning.
Two natural human languages are likely to have something in common no matter how linguistically distant or unrelated they may be. Although linguistic similarity and learners' previous linguistic experience may be independent of each other, it may nevertheless be possible to think of the two as complementary. If the two language systems are similar to a large extent, it may be possible to compensate for the lack of experience. On the other hand, it is certainly possible to gain experience with a language that is completely dissimilar to one's own. Would it be the case that the greater the commonality between the two languages, the less learning is required?
In this study, the role of general vs specific experience with vowel length contrasts was examined using Arabic and Japanese as the target languages. The perception of three groups of listeners differing in their L1 was compared. The first two groups, native Arabic and Japanese speakers, were naïve to each other's language. The third group, native Persian speakers, was included to assess how their general knowledge of Arabic and experience of learning it as a foreign language at school on the one hand and the lack or limited experience with vowel length contrasts in L1 on the other hand might influence their discrimination and identification of the short vs long vowels in Arabic (familiar/known language) and Japanese (unfamiliar/unknown language). In general, Persian-speaking people learn Arabic at school for six years on average. Moreover, they are culturally familiar with the language in their daily life. Japanese speakers, on the other hand, typically have no experience with Arabic, but they possess firm vowel length categories in their L1. The difference in listeners' previous linguistic experience outlined above led to the following question: Is it Persian listeners' foreign language learning experience or Japanese listeners' experience with phonemic vowel length contrasts that is more beneficial in processing short and long vowels in Arabic?
Standard Arabic has three vowels /i(+) a(+) u(+)/ and vowel length is phonemic (Nasr, 1960; Mitleb, 1984; Norlin, 1985; Thelwall and Sa'Adeddin, 1990; Alghamdi, 1998; Ryding, 2005; Most et al., 2008) . For example, /bir/ "charity" contrasts with /bi+r/ "well, fountain" and /sur/ "to be happy with" contrasts with /su+r/ "fence." Long vowels are twice as long as their short counterparts (Norlin, 1985; Alghamdi, 1998; Hajjar, 2005; Ryding, 2005) . While some cross-dialectal differences in vowel quality (F1, in particular) have been reported (e.g., Cowan, 1970; Drozdík, 1973; Alghamdi, 1998; de Jong and Zawaydeh, 2002; Ryding, 2005) , short and long vowels in different dialects are clearly distinguished durationally with the average short-to-long ratio ranging from 0.4 to 0.45 (see, however, Mitleb, 1984 for a larger ratio in Jordanian Arabic at 0.65). Variations in vowel quality due to vowel length and neighboring sounds have also been noted in several studies (Norlin, 1985; Alghamdi, 1998; de Jong and Zawaydeh, 2002; Ryding, 2005) . Phonemic long vowels were shown to occupy a more peripheral portion of the acoustic vowel space than their short counterparts (Norlin, 1985) . Japanese has five vowels /i(+) e(+) a(+) o(+) u(+)/ and vowel length is phonemic (e.g., Vance, 1986; Shibatani, 1990; Hirata, 2004a; Hirata and Tsukada, 2009 ) as in Arabic. For example, /e/ "picture, painting" contrasts with /e+/ "yes" and /sa/ "difference" contrasts with /sa+/ "well, let's see." Dialectal variations are primarily realized in vowel quality (Shibatani, 1990) . Long Japanese vowels tend to be more than twice as long as their short counterparts when spoken at a fixed speaking rate. Within the same speaking rate, durational overlap between the two length categories is negligible (Hirata, 2004a) . Compared to Arabic, vowel quality differences between short and long vowels appear to be small in Japanese (Tsukada, 1999; Hirata and Tsukada, 2009) . While longer vowels tend to be more peripheral than shorter vowels in many languages, the extent to which vowel quality difference is involved in encoding a length contrast appears to be language-specific (Engstrand and Krull, 1994; Tsukada and Roengpitya, 2008) . Perceptual relevance of length contrasts can be attested by the observation that young Japanese infants discriminate /mana/ and /ma+na/ accurately at 9.5 (but not at 7.5) months. This is in contrast with difficulty non-native adult learners face in perceiving Japanese vowel length contrasts (e.g., Hirata, 2004a,b; Hirata et al., 2007; Hirata and Kelly, 2010; Tajima et al., 2008) .
Modern Persian has six vowels /i e ae ¡ o u/ and it appears that vowel length is in a transition state and no longer contrastive (Majidi and Ternes, 1991; Toosarvandani, 2004) unlike classical Persian. For example, /dir/ "late" contrasts with /del/ "heart" and /dur/ "far" contrasts with /dor/ "round" (Bijankhan and Nourbakhsh, 2009) . Not surprisingly, some of the common pronunciation difficulties encountered by Farsispeaking English learners include vowel length confusion in word pairs such as "sheep" and "ship," "cart" and "cut," "fool" and "full" among others (Swan and Smith, 2001) .
Vowel length categorization which is influenced by various factors (e.g., duration of neighboring segments, number of syllables within a word, speaking rate) has been investigated by various investigators (Nooteboom and Doodeman, 1980; Pind, 1986) and neutralization of phonemic length categories has been reported for many languages of the world (e.g., Lahiri et al., 1987; Myers, 2005; Myers and Hansen, 2007) including Arabic (Cowan, 1970; Norlin, 1985) and Japanese (Kubozono, 2002) . However, it appears that this phenomenon is more restricted in Japanese than in Arabic (Kubozono, 2002) .
Naturally, one would assume that Persian listeners who do not need to categorize vowels according to their length in L1 pay less attention and are less sensitive to durational variations of vowels than do Arabic and Japanese listeners who need to make lexical decisions based on whether the vowel is short or long. On the other hand, one might question whether existing L1 length categories might interfere with the processing of the length categories in an unknown language especially if the two sets of categories are not perceptually equated with each other and category boundaries need to be re-aligned.
Prominent theories of cross-language and L2 perception such as the perceptual assimilation model (PAM) (Best, 1995) and the speech learning model (SLM) (Flege, 1995 (Flege, , 2003 focus on the perceived relationship between segmentally characterized sounds across the two phonological systems. To give a simple example, the PAM would predict that, if two sounds in one system are perceptually assimilated to two distinct categories in another system, those two sounds would be accurately discriminated.
Two sounds can be minimally contrastive in the prosodic domain (as in tone languages such as Chinese) just as well as they can be a contrast segmentally. If we assume that these two types of contrasts are equivalent in terms of categoricity (Hallé et al., 2004) , then it may be possible to hypothesize that, for Arabic and Japanese speakers, listening to vowel length contrasts in each other's language may be analogous to French or German speakers listening to the English /l-r/ contrast or Thai speakers listening to word-final stop place contrasts in the English minimal pairs such as "cap" and "cat" (Tsukada and Roengpitya, 2008) . In other words, these are the contrasts that are expected to be discriminated with high accuracy without prior experience with the target language. However, by extension of the SLM, if the Arabic and Japanese vowel length contrasts are similar, but not identical in phonetic realization, more learning or cognitive processing may be required for the Arabic and Japanese listeners compared to the Persian listeners who may enjoy unbiased perception of vowel duration.
We need to be cautious in interpreting the role of prior experience with phonological categories, as there are some studies that suggest that L1-to-L2 mappings at the phonological level may not accurately predict listeners' behavior. One study on French listeners' perception of English approximants /w j r l/ found that they had some perceptual difficulties with English /r/ and tended to hear it as /w/-like despite their L1 having the /r/ sound (Hallé et al., 1999) . This perceptual confusion was explained in terms of articulatory-phonetic differences between the English and French /r/ (i.e., central approximant in English and uvular fricative in French). Thus, at the subphonemic level, the /r/ sounds may not be "shared" between the two languages. Furthermore, recent studies on the effect of L1 on the cross-language perception of stop place contrasts (Tsukada, 2006; Tsukada and Roengpitya, 2008) found that despite having experience with unreleased word-final stops in their L1, Australian English speakers were not as accurate as native Thai listeners in discriminating unreleased Thai stop contrasts (e.g., /t/ vs /k/ which is phonetically [tq] vs [kq] ). Findings analogous to these have been reported in the perception of lexical tones, as well (Wang et al., 2004; Francis et al., 2008) . For example, Wang et al. (2004) showed that despite their experience with tones in L1, native Norwegian listeners did not process the novel Mandarin lexical tones in the way comparable to native Mandarin listeners and proficient Mandarin-English bilingual listeners. These findings suggest that both phonological learning and experience with the native variety of acoustic phonetic cues are essential for optimal cross-language speech perception.
At present, it is unclear if the two categories contrasting segmentally are comparable in perceptual saliency to those contrasting prosodically, as the above-mentioned theories do not make predictions about prosodic contrasts. The present study is concerned with Arabic and Japanese, both of which use vowel duration contrastively. Cross-language perception studies focusing on languages other than English are still limited. By assessing typologically unrelated languages such as Arabic and Japanese, it is possible to enhance our understanding of natural spoken language processing by humans. Two experiments, AXB discrimination as described in the procedure and two-alternative forced-choice identification tests, have been conducted to assess the extent to which (1) Arabic and Japanese listeners utilize their L1 knowledge and (2) Persian listeners utilize their foreign language learning experience in cross-language speech perception.
II. EXPERIMENT 1: AXB DISCRIMINATION TEST
A. Method
Speakers
Native speakers of Arabic and Japanese participated in the recording sessions lasting between 45 and 60 min. Eight (4 males, 4 females) native Japanese speakers with a mean age of 25.4 years were recorded in a sound-treated room in the Department of Linguistics, University of Kobe, Japan. With the exception of one participant who had lived in the United States for 11 months, none of them had lived overseas for an extended period of time. These speakers primarily came from the Western part of Japan including Ehime, Fukuoka, Hyogo, Kagawa, Kanagawa, and Tottori prefectures. Vowel length is phonemic to all these speakers. None of these Japanese speakers participated in the study as listeners.
Seven (4 males, 3 females) native Arabic speakers with a mean age of 40 years were recorded in the audio-visual recording studio and the Centre for Language Sciences (CLaS) recording studio at Macquarie University, Sydney. They were all born in Arabic-speaking countries and had lived in Sydney, Australia, for 12 years on average at the time of recording. The Arabic speakers' dialectal backgrounds were Lebanese (n ¼ 4) and Saudi (n ¼ 3). Vowel length is phonemic to all these speakers. With the exception of one Lebanese speaker, none of these Arabic speakers participated in the study as listeners. This Lebanese speaker's speech was not included in the stimuli and, furthermore, there were more than three months between the time he was recorded and the time he participated in the perception experiments. All speakers were paid $30 (or the equivalent amount in Japanese yen) for their participation.
Stimuli
The speakers read CV 1 C words in Arabic and CV 1 CV 2 (n) words in Japanese (where V 1 was either short or long in each language). The words recorded for this study are shown in Appendixes A and B. While this discrepancy in the syllable structure was not desirable, the occurrence of the CVC sequence is limited in Japanese unlike Arabic. Furthermore, given that vowel length is neutralized in open syllables including the word-final position in Arabic (Thelwall and Sa'Adeddin, 1990) , it was not an option to use Arabic CVCV words to match the syllable structure across the two languages. Some of the Japanese word pairs used in this study differed by more than just vowel length, i.e., pitch pattern and the extent of vowel devoicing. This inconsistency needs to be rectified in future research. However, the effect of pitch accent on the production and perception of vowel length is known to be negligible for native speakers of Japanese (Beckman, 1986; Minagawa-Kawai et al., 2002) . Availability of relevant information for Arabic vowels in published research appears limited if any. Care was taken to use the words that were likely to be familiar to all the native speakers. Achieving these criteria resulted in some variation in the consonantal context.
All speakers read the target words twice in isolation and once in the short carrier sentence. This decision was made to keep the recording sessions from becoming excessively long, which would introduce fatigue and may result in misreading. The target words produced in a carrier sentence were used as stimuli. This was to include tokens that reflect natural variation in speech sounds. The carrier sentences were "I write ___ as well" for Arabic (/?ana ?aktub ___ ?aida/ in broad IPA (International Phonetic Association) transcription) and "Next I say the word ___" for Japanese (/tsugiwa ______ to iimasu/ in broad IPA transcription). The test words (all real words) were presented visually to each speaker in randomized orders on the computer screen one word at a time. All words were written using appropriate Arabic or Japanese script which explicitly encodes vowel length in the standard orthography. Thus, there was no ambiguity as to how each word should be read by mature, proficient native speakers. The speakers were asked to read the target words naturally at their normal speaking rate.
Some basic acoustic characteristics of the stimuli used in this study are given in Table I . The EMU speech database system was used for phonetically labelling the speech segments of interest and the formant values were calculated in the R statistical environment. The beginning and end of each vowel token was identified by visual inspection of wideband spectrograms and time domain waveforms. F1 and F2 values were measured and tracked at the vowel midpoint. Crucially, short and long categories are clearly separated in both languages with small standard errors.
The recorded speech materials were digitized at 44.1 kHz using CoolEdit and the target words were segmented and stored in separate files. Prior to the presentation in the perception experiments, each sound file was normalized to 50% of the peak amplitude following the procedures used in previous research (e.g., Guion et al., 2000 , Aoyama et al., 2004 Flege and MacKay, 2004) . The recorded words were arranged in a triad such that the first and third tokens always represented different words as described below.
Listeners
Seven native (3 males, 4 females) Arabic, 15 (2 males, 13 females) Japanese, and 11 (8 males, 3 females) Persian listeners participated in the AXB discrimination experiment. Their mean ages were 29.0, 31.9, and 26.6 years, respectively. They had lived in Sydney, Australia, for 10.4, 3.2, and 1.2 years, respectively, when they participated in the study. Six of the Arabic listeners were postgraduate students or staff members at Macquarie University and one was a member of the community in Sydney. She was referred to the study by a friend who saw the advertisement. Their dialectal backgrounds were Egyptian (n ¼ 1), Iraqi (n ¼ 1), and Lebanese Arabic (n ¼ 5). All the Japanese listeners were students or staff members of Department of Linguistics at Macquarie University with the exception of one participant who was a vocational student. They originally came from different parts of Japan including Aichi, Hokkaido, Kanagawa, Miyagi, Tochigi, Tokyo, and Yamaguchi prefectures. The Persian listeners were postgraduate students at Macquarie University or University of Technology, Sydney. All of them confirmed having some knowledge of Arabic from their secondary education.
The participants were tested individually in a session lasting between 30 and 40 min in the Speech Perception Lab in the CLaS or a quiet room at Macquarie University. They heard the stimuli at self-selected comfortable level using the high-quality headphones (Bose Quiet Comfort 2 acoustic noise canceling headphones). According to self-report, all listeners had normal hearing and did not have any language deficiency in their L1. They were paid $20 for their participation.
Procedure
The participants' perception of vowel length contrasts in Arabic and Japanese was assessed in a categorical AXB discrimination test, a method frequently employed in previous speech perception research (e.g., Harnsberger, 2001; Wayland and Guion, 2003; Hallé et al., 2004; Højen and Flege, 2006) . In the AXB test, the first (A) and third (B) tokens always come from different categories and the listeners need to decide whether the second token (X) belongs to the same category as A (e.g., "sit 2 "-"sit 1 "-"seat 3 ") or B (e.g., "hit 3 "-"heat 1 "-"heat 2 ") (where the subscripts indicate different speakers). Within a trial, three tokens were always spoken by different speakers of the same sex. Thus, X was never physically identical to either A or B. This was to ensure that the listeners focus on relevant phonetic characteristics that group two tokens as members of the same category without being distracted by audible but phonetically irrelevant within-category variation (e.g., in voice quality). For the half of the trials, the position of X was occupied by one of the short vowels and for the other half, it was occupied by one of the long vowels. All possible AB combinations (i.e., AAB, ABB, BAA, and BBA) were tested.
The presentation of the stimuli and the collection of perception data were controlled by the UAB software (Smith, 1997) . The stimuli were blocked by language (Arabic, Japanese) and the order of presentation was counterbalanced across listeners. A total of 100 trials for Arabic and 125 trials for Japanese were presented. The first four and five trials in each language were for practice and were not analyzed. Thus, there were 32 trials for each of the three Arabic vowels and 24 trials for each of the five Japanese vowels.
The listeners were given two options ("1 ¼ 2," "2 ¼ 3") to choose from on the computer screen. They were asked to click on the first option if they thought that the first two tokens in the AXB sequence are the "same" and to click on the second option if they thought that the last two tokens are the "same." The inter-stimulus interval in all trials was set at 0.5 s. They had up to 3 s to respond to each trial which could be played only once. When the listeners did not respond within 3 s, they were prompted to click on a button. No replay was allowed and they needed to click on either button to proceed to the next trial. They were asked to guess if they were unsure and no feedback was provided during the experimental sessions.
B. Results
The raw percent correct scores were log-transformed before being submitted to statistical analyses. Table II shows the mean correct discrimination scores for Arabic and With the possible exception of the Persian listeners who discriminated the high Japanese vowel contrasts (/i/-/i+/, /u/-/u+/), more accurately than non-high vowel contrasts, the vowel type did not exert appreciable influence on the listeners' discrimination accuracy. As the effect of vowel was not of primary concern in this study, it will not be discussed further. Figure 1 shows the mean correct discrimination scores averaged across vowels for the three groups of listeners. The Arabic and Japanese listeners showed an opposite discrimination pattern. They discriminated vowel length contrasts in their L1 much more accurately than in the unknown language (1.97 vs 1.88 for the Arabic listeners and 1.99 vs 1.9 for the Japanese listeners). The Persian listeners' discrimination was significantly more accurate for the Arabic (1.91) than Japanese (1.87) vowel length contrasts.
Looking at the individual listeners, all Arabic and Japanese listeners were more accurate in their L1 than in the unknown language. All Persian listeners except for one were more accurate in Arabic than in Japanese, so learning Arabic as a foreign language may have helped them to some extent. However, this learning effect was apparently not enough to differentiate them from the Japanese listeners who have no experience with Arabic, but are familiar with vowel length contrasts in their L1.
The listeners' discrimination scores were submitted to a two-way analysis of variance (ANOVA) in which Group (Arabic, Japanese, Persian) was a between-subjects factor and Stimulus Language (Arabic, Japanese) was a within-subjects factor. Both main effects of Group and Stimulus Language were significant [G: F(2, 30) ¼ 11.9, p < 0.001, S: F(1, 30) ¼ 4.3, p < 0.05]. There was a significant two-way interaction [F(2, 30) ¼ 67.5, p < 0.001], which can be clearly observed in Fig. 1 .
The simple effect of Group was significant for both Arabic and Japanese stimuli. For the Arabic vowel length contrast, the Arabic listeners were significantly more accurate than the Japanese and Persian listeners who did not differ from each other [F(2, 30) ¼ 9.2, p < 0.001]. For the Japanese vowel length contrast, the Japanese listeners were significantly more accurate than the Arabic and Persian listeners who did not differ from each other [F(2, 30) ¼ 44.9, p < 0.001]. These results are clearly discernible in Fig. 1 . Thus, the Arabic and Japanese listeners who have experience with phonological vowel length contrasts in their L1s did not show an advantage over the Persian listeners whose L1 does not utilize vowel duration phonologically. The simple effect of Stimulus Language was significant for all three groups of listeners [F(1, 30) ¼ 13.8 À 83.2, p < 0.001]. As was mentioneded above, the Arabic and Persian listeners were more accurate in Arabic than in Japanese and the Japanese listeners showed the reverse pattern of results. This suggests that familiarity with length categories in their L1 did not transfer optimally in the processing of the unknown language.
C. Discussion
All listeners including the Persian listeners who do not utilize vowel length contrastively in their L1 performed the vowel length discrimination task well above chance (logtransformed score: 1.7). However, despite the expectation that the Arabic and Japanese listeners may generalize their L1 phonological experience to the unknown language with vowel length contrasts, their discrimination accuracy was optimal only in their L1 in the AXB discrimination experiment. Neither Arabic nor Japanese listeners showed any advantage over the Persian listeners, for whom vowel length is no longer phonemic, in discriminating the vowel length contrasts in the unknown language.
These findings are somewhat surprising in that listeners who do not use vowel duration contrastively in their L1 (e.g., Spanish) have been found to rely more on duration than spectral information in their categorization of the English vowel contrast /i/-/I/ (as in "heat" vs "hit") (Bohn and Flege, 1990) . Further, Ingram and Park (1998) who tested the perception of the difficult English /l/-/r/ contrast by Korean and Japanese learners of English reported the overall discrimination scores of 82% and 75%, respectively, which is well above chance. Of course, the study by Ingram and Park and the present study differ in various ways. Particularly, the two studies crucially differ in the kind of phonemic contrasts and the listeners involved (novel/unknown vs nonnovel/known contrasts and listeners with vs without knowledge of the target language). Thus, a strict comparison is not intended. Nevertheless, the Korean and Japanese listeners' discrimination scores are very similar to the Arabic and Japanese listeners' discrimination scores when they listened to the unknown language [a raw score of 75% (log-transformed score of 1.88) for the Arabic listeners responding to Japanese and a raw score of 80% (log-transformed score of 1.9) for the Japanese listeners responding to Arabic]. Considering that the /l/-/r/ contrast is notoriously difficult to produce and perceive, particularly, for Japanese learners of English, the listeners in the Ingram and Park (1998) study performed the task relatively well.
Why is it that the Arabic and Japanese listeners who are familiar with vowel length contrasts did not take advantage of their L1 knowledge to process vowel length contrasts in the unknown language? Could this be related to the task they performed? In Experiment 2, the same three groups of listeners participated in a forced-choice identification test. 
III. EXPERIMENT 2: TWO-ALTERNATIVE FORCED-CHOICE IDENTIFICATION TEST
Stimuli
A subset of the Arabic (n ¼ 144) and Japanese (n ¼ 180) tokens presented in Experiment 1 was used in the identification test. These materials were presented with distractors such that the listeners would hear 200 tokens per language. The stimuli were blocked by language and the order of presentation was counterbalanced across listeners.
Listeners
Five (3 males, 2 females) Arabic and 11 (1 male, 10 females) Japanese listeners who participated in Experiment 1 identified the length category of the vowels in the Arabic and Japanese words in Experiment 2. All 11 (8 males, 3 females) Persian listeners participated in this identification test. Their mean ages were 29.7, 32.4, and 26.6 years for the Arabic, Japanese, and Persian groups, respectively. They had lived in Sydney, Australia, for 8.6, 2.9, and 1.2 years, respectively, when they participated in the study.
Typically, the listeners participated in the two experiments on the same day with a short break in between. All the listeners completed the discrimination test first, then the identification test which lasted between 30 and 40 min. Thus, the entire experimental session took approximately 1.5 h when the listeners participated in both discrimination and identification tests. They were tested individually in the Speech Perception Lab in the CLaS at Macquarie University using the same equipment as in the discrimination test. All of them reported normal hearing and had no history of language problems in their L1s. They were paid $20 for their participation.
Procedure
The listeners were given two options ["XXX (X)," "X (X)"] to choose from on the computer screen. They were asked to click on the first option if they thought that the "word" they heard had a long vowel and to click on the second option if they thought that the "word" they heard had a short vowel. The presentation of the stimuli and the collection of perception data were controlled by the UAB software (Smith, 1997) . The stimuli were blocked by language (Arabic, Japanese) and the order of presentation was counterbalanced across listeners.
For the identification task, the listeners were given 10 (5 Arabic, 5 Japanese) practice trials with correct answers (i.e., as was intended by the native speakers who produced the words). This was intended to give the listeners an opportunity to "calibrate" the two length categories. The listeners had up to 3 s to respond to each token. When the listeners did not respond within 3 s, the message "Would you like to hear the previous stimulus again?" appeared on the screen. Thus, unlike Experiment 1, they were allowed to listen to each token as many times as they wished. However, they were cautioned not to use this option excessively, because listening many times would not always help and that they might get confused. They were asked to guess if they were unsure and no feedback was provided during the experimental sessions.
B. Results
The raw percent correct scores were log-transformed before being submitted to statistical analyses. Figure 2 shows the mean correct identification scores averaged across vowels for the three groups of listeners. At first glance, the overall pattern of results looks similar to the one in the discrimination test in Experiment 1 (Fig. 1) . The Arabic and Japanese listeners were highly accurate in identifying the short or long vowels in their L1 but less so in the unknown language (1.97 vs 1.91 for the Arabic listeners and 1.99 vs 1.93 for the Japanese listeners). However, in this task, the difference in their perception accuracy between the L1 and unknown language was smaller than in the discrimination test. Although this trend did not reach statistical significance (p ¼ 0.09), this held true for 3 out of 5 Arabic and 7 out of 11 Japanese listeners (with one Japanese listener showing no difference). The Persian listeners' identification scores did not significantly differ for Arabic (1.88) and Japanese (1.86). As for the individual listeners, all Arabic and Japanese listeners performed better in their L1 than in the unknown language just as in the AXB discrimination test. Nine out of 11 Persian listeners performed better in Arabic than in Japanese.
To gain further insight into the listeners' response patterns, the results were rearranged and plotted in Fig. 3 according to the length category (i.e., short vs long) of the vowel in each stimulus token presented. All three groups of listeners made more identification errors when they heard the long Arabic vowels than when they heard the short Arabic vowels (Arabic: 1.99 vs 1.95, Japanese: 1.97 vs 1.86, Persian: 1.91 vs 1.84). This was particularly noticeable in the non-native groups. There was no such bias according to vowel length for the Japanese stimuli. This may mean that, even when the vowel was intended to be long by the native Arabic speakers, it was not perceived as such by the non-native listeners for whom the lexical status of the stimuli would be ambiguous.
Alternatively, it may be relatively difficult to make short vs long judgments on the vowel in monosyllabic words presented in isolation, because the listeners need to decide whether the target vowel is short or long without referring to the sound outside the syllable. In the case of the Japanese   FIG. 2. Mean identification scores (log-transformed) for the Arabic and Japanese stimuli averaged across vowel types. The brackets enclose 6 1 standard error.
stimuli, the listeners (non-native listeners, in particular) may have been aided by the presence of the second vowel in the CV 1 CV 2 (n) words which always belonged to the short category with the exception of the "fukee" vs "fuukee" pair. In other words, relative durational differences between the two adjacent syllables may be very useful to the listeners especially when they are responding to "non-lexical" items.
The listeners' identification scores were submitted to a three-way ANOVA with Group (Arabic, Japanese, Persian) as a between-subjects factor and Stimulus Language (Arabic, Japanese) and Length (short, long) as within-subjects factors. The main effects of Group and Length, but not Stimulus Language, were significant [G: F(2, 24) ¼ 12.3, p < 0.001, L: F(1, 24) ¼ 11.8, p < 0.01]. There were significant Group Â Stimulus Language [F(2, 24) ¼ 25.8, p < 0.001] and Stimulus Language Â Length interactions [F(1, 24) ¼ 32.7, p < 0.001]. A three-way interaction did not reach significance.
The simple effect of Group can be observed for both Arabic and Japanese in Fig. 3 , but the pattern of between-group difference clearly depended on the length category in Arabic. For the identification of the length category of the Arabic vowels, the Arabic listeners were most accurate for both short (1.99) and long (1.95) vowels. However, the Japanese listeners (1.97) did not significantly differ from the Arabic listeners when they listened to the short Arabic vowels and, crucially, both Arabic and Japanese listeners were significantly more accurate than the Persian listeners (1.91) [F(2, 24) ¼ 9.3, p < 0.001]. As for the long Arabic vowels, the Arabic listeners were significantly more accurate than the Japanese (1.86) and Persian (1.84) listeners who did not differ from each other [F(2, 24) ¼ 9.1, p < 0.01]. For the identification of the length category of the Japanese vowels, the Japanese listeners were most accurate for both short (1.99) and long (1.99) vowels. However, only the difference between the Japanese and Persian listeners (1.86) reached significance when the listeners responded to the short Japanese vowels [F(2, 24) ¼ 10.3, p < 0.001]. In other words, the Arabic listeners (1.9) did not significantly differ from either Japanese or Persian listeners. As for the long Japanese vowels, the Japanese listeners were significantly more accurate than the Arabic (1.91) and Persian (1.87) listeners who did not differ from each other [F(2, 24) ¼ 14.0, p < 0.001]. These results may be due to the small number of the Arabic listeners (n ¼ 5) who took part in the identification test and their relatively large standard errors in identifying the Japanese short vs long vowels.
C. Discussion
We observed that, in general, the Arabic and Japanese listeners identified the length category of vowels in both their L1 and unknown language better than did the Persian listeners. Particularly, their advantage over the Persian listeners was measurable when they listened to the short vowels in the unknown language. Crucially, the difference between the Japanese and Persian groups reached statistical significance when they listened to the short Arabic vowels. Furthermore, the difference between Arabic and Japanese listeners did not reach statistical significance when they listened to the short Japanese vowels. These findings are in contrast with the results obtained in the AXB discrimination test where neither the Arabic nor Japanese listeners showed an advantage over the Persian listeners in discriminating vowel length contrasts in the unknown language. Thus, the Arabic and Japanese listeners differed to a greater extent from the Persian listeners in the identification than in the discrimination test.
One needs to be cautious in comparing the results from Experiments 1 and 2, because the observed results may be attributable to the methodological differences in the two experiments such as the response time and conditions allowed to the listeners. While this is not desirable, it is unlikely to be the determining factor of the listeners' performance. Recall that the cutoff time was 3 s in both Experiments 1 and 2. In Experiment 1, when 3 s were up, the listeners were prompted to click on a button without any chance of replay. They simply had to guess at that point. In Experiment 2, on the other hand, when 3 s were up, the listeners were allowed to replay the previous stimulus. Although this may seem like a substantial difference, when the percentages of trials which were not responded to within 3 s are compared across the experiments, the difference is negligible as shown in Table III . The Arabic and Japanese listeners' distributional pattern of responses is practically identical across the experiments. As such, different results of the two experiments are unlikely to have been caused by the presence or absence of the replay option beyond 3 s.
Furthermore, when the results from the two experiments were directly compared in a three-way ANOVA (Group, Language, Task), only the main effect Group [F(2, 24) ¼ 12.5, p < 0.001] and two-and three-way interactions involving the Group factor were significant [G Â L: FIG. 3 . Mean identification scores (log-transformed) for the Arabic (top) and Japanese (bottom) stimuli according to the length category. The brackets enclose 6 1 standard error.
Neither the main effect of Task nor the Language Â Task two-way interaction was significant. While the Group Â Task interaction reached significance, this was apparently due to the fact that the Arabic and Japanese listeners' scores were higher in the identification task and the Persian listeners did the opposite and scored higher in the discrimination task. These results suggest that it was the pattern of Group Â Language interaction that was differentially affected by the task, resulting in the significant three-way interaction.
Taken together, the results of the two experiments are more consistent with the idea that different task demands are imposed in the discrimination and identification tests (Ingram and Park, 1998) . It is possible that having firmly established L1 length categories does not predict listeners' discrimination accurately in the AXB discrimination task when the language is unknown. Listeners may simply employ online processing without referring to their L1 categories. In the identification task, the Japanese (and, to a less extent, Arabic) listeners possibly referred to the internal, long-term L1 categories, which helped them to decide the length category of the incoming stimulus of the unknown language.
IV. GENERAL DISCUSSION
The primary objective of this study was to investigate the role of different types of linguistic experience in crosslanguage speech perception. Three groups of listeners differing in their L1s (Arabic, Japanese, and Persian) listened to Arabic and Japanese words minimally contrasting in vowel length. It was predicted that the listeners would differ in how they discriminate and identify short vs long vowels in Arabic and Japanese according to their L1 backgrounds.
For the Arabic and Japanese listeners listening to each other's language, it would be inappropriate to characterize vowel length contrasts as "novel," as both of these languages utilize vowel duration phonologically. Of particular interest was the perception of Arabic vowel length contrasts by the native speakers of Japanese and Persian, two groups for whom the Arabic contrast was not "novel," but for different reasons. The Japanese listeners had experience categorizing vowel length phonemically in their L1 but had no knowledge of Arabic. The Persian listeners, on the other hand, had experience with the Arabic language in their culture and education, but their L1 may be losing or possibly has lost vowel length contrasts. As it turned out, both groups of listeners perceived the Arabic short and long vowels less accurately than the native Arabic listeners. However, the extent to which the non-native listeners diverged from the native Arabic listeners differed in the two experiments and the Japanese listeners outperformed the Persian listeners in the identification (but not discrimination) of the short Arabic vowels. As for the Japanese length contrasts, the Japanese listeners outperformed the two non-native groups in both their discrimination and identification with one exception which is that the Arabic listeners were not significantly less accurate than the Japanese listeners in identifying the short Japanese vowels.
As briefly mentioned above, it was observed that the extent to which the listeners benefited from their L1 phonological experience in perceiving vowels in the unknown language depended on the experimental task which they performed. The Japanese and, to a less extent, Arabic listeners identified the length category of the vowels in each other's language better than did the Persian listeners. The present results provide support to Ingram and Park (1998) who observed different performance profiles for the identification and discrimination tests by Japanese and Korean learners of English. The results from their study and the present one converge to support the view that long-term L1 representations may be invoked to a greater extent in the identification test, which may engage listeners to be in the linguistic mode of processing, than in the discrimination test.
It is unclear whether two sounds contrasting segmentally are equivalent in categoricity or perceptual salience to two sounds contrasting prosodically. For example, a distinction between short and long Japanese vowels is susceptible to speaking rate (Hirata, 2004a) and length contrasts may be more easily manipulated than segmental contrasts. It is also important to point out that the number of length categories would be undoubtedly less than the number of vowel and/or consonant categories. Both Arabic and Japanese have only two length categories, short and long. There are languages with more length categories, but such languages are rare (McRobbie-Utasi, 2007; Remijsen and Gilley, 2008; Remijsen and Manyang, 2009) . Assuming, as suggested by Remijsen and Gilley (2008) , that the phonetic space for vowel length contrasts is fixed and does not stretch or compress, perhaps the human auditory system cannot cope with many levels of differentiation for length categories that uni-dimensionally (or predominantly) rely on the temporal domain.
In order to assess the validity of the current models of cross-language and L2 speech perception (e.g., PAM, SLM) with respect to the results obtained in this study, how listeners identify the length category in the unknown languages must be established empirically. As mentioned in the Introduction, neither the PAM nor SLM makes predictions about non-segmental contrasts. While the extent of perceived similarity between the L1 and the target sounds is a useful and important concept in these models, with increasing evidence that just having distinct length (or tone) categories in one's L1 is not sufficient for optimal cross-language speech perception (Wang et al., 2004; Francis et al., 2008) , a different approach may be needed to account for the processing of the contrasts with limited "degrees of freedom." Given that neither Arabic nor Japanese listeners were as accurate as native listeners in perceiving vowel length in the unknown language (i.e., mileage from L1 was limited), experience with specific (i.e., phonemic vowel length) AND native phonetic realization of sounds may be essential in accurate cross-language speech perception. The importance of native experience was also highlighted in a study that examined stop place contrasts by Australian English and Thai listeners (Tsukada and Roengpitya, 2008) . The present results demonstrate that this applies to the perception of vowels as well as consonants and also to prosodic as well as segmental contrasts. Although the benefit of L1 was not fully exhibited in the cross-language perception of the Arabic and Japanese listeners in this study, it might still be informative to examine the perception of listeners who have no experience with Arabic or Japanese, but who are familiar with length contrasts in their L1 (e.g., Finnish or Thai). It may be the case that the unbalanced combination of L1 and unknown language was disruptive to the Arabic and Japanese listeners and they were unduly disadvantaged in the unknown language in this study. If they repeat the same tests with a different set of languages, both of which unknown to them, they may utilize different processing strategies and show better performance that might reflect their L1 phonology.
Further, it would be necessary to understand acoustic characteristics of the stimuli that yielded high vs low discrimination/identification accuracy rates, i.e., "easy/clear" vs "hard/unclear" trials to understand if and to what extent listeners' L1 is reflected in the way they organize their perceptual space. It is also possible that the degree of coarticulation with surrounding consonants may be different for Arabic and Japanese vowels which, in turn, may interact with native and non-native listeners' perception of length contrasts.
V. CONCLUSION
The Arabic and Japanese listeners' response patterns for vowel length contrasts in each other's language suggest that experience with L1 phonological categories may not be the best predictor for the discrimination accuracy in an unknown language. In the forced-choice identification task, on the other hand, the listeners appear to utilize their long-term L1 categories to make short vs long judgments on the vowel of the incoming stimulus. The different pattern of results across the two experiments became even more insightful in comparison with the third group, the Persian listeners, who do not use vowel duration contrastively in their L1. This comparison gave us more confidence in the view that the Arabic and Japanese listeners may refer to their long-term L1 representations to a greater extent in the identification than discrimination test. This view was expressed by Ingram and Park (1998) who tested the different contrast (English /l/-/r/) and listener groups (Korean and Japanese L2 learners) from the present study. Taken together, the present results highlight the importance of selecting the appropriate test for assessing cross-language speech perception and approaching the questions by including listeners from diverse language backgrounds.
